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SARI 
 
 Kegiatan operasional penambangan batubara dilakukan dengan metode 
penambangan tambang terbuka (Open Pit Mining). Dengan meningkatnya target 
produksi, maka proses penambangan menjadi semakin dalam dan semakin lebar. 
Semakin meningkatnya kedalaman, maka potensi terjadinya kelongsoran dalam 
operasional tambang yang dapat mengganggu produksi dan keselamatan 
kerja.Oleh karena itu, diperlukan analisis kestabilan lereng untuk mengantisipasi 
bahaya longsor yang mungkin terjadi. 
 Lokasi penelitian berada di Pit South Pinang Panel 1, PT Kaltim Prima Coal 
yaitu di lereng highwall dan lowwall.Analisis kestabilan lereng dilakukan 
geotechnical window mapping pada 6 stasiun pengamatan.Window mapping 
dilakukan untuk mendapatkan data kondisi massa batuan dan orientasi 
diskontinuitas sehingga nantinya akan dilakukan analisis kinematik untuk 
mendapatkan potensi longsoran. Dalam analisis kestabilan lereng menggunakan 
karakterisasi massa batuan Geological Strength Index. 
 Berdasarkan pengamatan lapangan didapatkan unit massa batuan yaitu 
batubara, mudstone dan carbonaceous mudstone, dengan kondisi massa batuan 
dengan tingkat pelapukan sedang (slightly weathered) dan kekuatan batuan tinggi. 
Pada analisis kinematik didapatkan hasil bahwa potensi longsoran berupa 
longsoran busur pada lereng highwall (Hoek-Bray, 1981) dan longsoran bidang 
pada lereng lowwall (Hoek-Bray, 1981) yang dijadikan acuan dalam penentuan 
bentuk longsoran dalam analisis kestabilan lereng. Analisis kestabilan lereng 
dilakukan pada 4 penampang dengan tiap overburden berdasarkan kedalaman (0-
50 meter dan 50 meter kebawah) dan semua kedalaman yang mendapatkan nilai 
Faktor Keamanan yaitu penampang 1 lowwall 1,222 dan 1,216 untuk single slope 
dan 1,884;1,764 untuk overall slope, penampang 3 highwall 1,539 dan 1,507, 
penampang 4 highwall 1,839 dan 1,807. Berdasarkan Bowles (1984) yaitu nilai 
Faktor Keamanan lebih dari 1,25 maka lereng highwall berada dalam kondisi 
aman dan lowwall single slope dalam kondisi kritis. Untuk mengatasi kondisi 
kritis, pelandaian sebesar 7
0
pada sudut lereng menjadi 38
0
 didapatkan nilai Faktor 
Keamanan 1,401 sehingga dinayatakan lereng dalam kondisi stabil (Bowles, 
1984).  
 
Kata Kunci : kestabilan kereng, potensi longsoran, Geological Strength Index, 
kedalaman, window mapping, faktor keamanan.  
 
 
x 
 
ABSTRACT 
 
 Coal mining operational activities carried out by the open pit mining method 
Production target increased so the process of mining deepened and widened. The 
increasing depth, the potential for catastrophic landslide in mining operations that 
could disrupt production and safety. Therefore, slope stability analysis is 
necessary to anticipate the danger of landslides that may occur. 
 The research location is in the South Pit Pinang Panel 1, PT Kaltim Prima 
Coal, namely on the slopes highwall and lowwall. Geotechnical slope stability 
analysis conducted mapping window at 6 observation stations. Window mapping 
is done to obtain data on the condition of rock mass and orientation of  
discontinuities so that will do the kinematic analysis to get potential of failure. In 
the analysis of slope stability using rock mass characterization named Geological 
Strength Index. 
 Based on field observations obtained rock mass units namely coal, 
carbonaceous mudstone and mudstone, with the condition of the rock mass with a 
moderate degree of weathering (slightly weathered) and high rock strength. In 
kinematic analysis showed that the potential for landslides in the form of a 
circularfailure on highwall slope (Hoek-Bray, 1981) and the planar failure on the 
lowwall slope (Hoek-Bray, 1981) were used as a reference in determining the 
form of landslides in slope stability analysis. Slope stability analysis performed on 
four cross sections with each overburden based on the depth (0-50 meters and 50 
meters down) and all the depth that scored Safety Factor is a cross section 1 
lowwall 1.222 and 1.216 for single slope and 1,884; 1,764 for the overall slope, 
sectional 3 highwall 1.539 and 1.507, sectional 4 highwall 1.839 and 1.807. Based 
on Bowles (1984) Safety Factor value is more than 1.25, so the slope highwall are 
safe and lowwall single slope is in critical condition. To overcome the critical 
condition, sloping by 7
0
 at an angle of slope 38
0
obtained Safety Factor values 
1,401 so slopes in stable condition (Bowles, 1984). 
 
Keywords: slope stability, failure potential, Geological Strength Index, depth, 
window mapping, safety factor. 
xi 
 
DAFTAR ISI 
 
HALAMAN JUDUL ........................................................................................... .i 
LEMBAR PENGESAHAN TUGAS AKHIR ................................................... .ii  
HALAMAN PENGESAHAN ............................................................................. .iii 
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI 
TUGAS AKHIR UNTUK KEPENTINGAN AKADEMIS.............................iv 
HALAMAN PERNYATAANORISINALITAS………………………………...v 
HALAMAN PERSEMBAHAN.......................................................................vi 
UCAPAN TERIMAKASIH…………………………………………………....vii 
KATA PENGANTAR.........................................................................................viii 
SARI ..................................................................................................................... .ix 
ABSTRACT ......................................................................................................... .x 
DAFTAR ISI ........................................................................................................ xi 
DAFTAR GAMBAR..........................................................................................xiii 
DAFTAR TABEL...............................................................................................xvi 
DAFTAR LAMPIRAN......................................................................................xvii 
BAB I PENDAHULUAN .................................................................................... 1 
1.1  Latar belakang .................................................................................. 1 
1.2  Maksud dan Tujuan .......................................................................... 2 
1.3  Manfaat Penelitian ............................................................................ 2 
1.4  Perumusan Masalah .......................................................................... 2 
1.5  Ruang Lingkup Penelitian ................................................................ 3 
BAB II TINJAUAN PUSTAKA ......................................................................... 6 
2.1. Geologi Regional Daerah Penelitian ............................................... 6 
2.2. Massa Batuan .................................................................................. 10 
2.3. Bidang Diskontinuitas ..................................................................... 12 
2.4. Window Mapping ............................................................................ 14 
2.5. KestabilanLereng ............................................................................ 16 
2.6. Metode Kesetimbangan Batas ......................................................... 19 
2.7. Mekanisme Keruntuhan .................................................................. 22 
xii 
 
2.8. Geological Strength Index (GSI) .................................................... 25 
2.9. Rock Quality Designation ............................................................... 27 
2.10.FaktorKerusakan (Disturbance Factor,D) ...................................... 29 
2.11.Jenis Longsoran ............................................................................... 31 
BAB III METODOLOGI PENELITIAN ......................................................... 36 
3.1 Metodologi Penelitian ...................................................................... 36 
3.2 Tahapan Penelitian ........................................................................... 36 
3.3 Alat dan Bahan ................................................................................. 38 
3.4 Sumber Data .................................................................................... 40 
3.5 Hipotesis .......................................................................................... 41 
3.6 Diagram Alir Penelitian ................................................................... 42 
BAB IV HASIL DAN PEMBAHASAN............................................................. 43 
4.1 Kondisi Aktual Lokasi Penelitian ..................................................... 43 
4.2 PenampangLereng Pit ....................................................................... 45 
4.3 Data Pemboran Geologi .................................................................... 49 
4.4 Window Mapping .............................................................................. 55 
4.5 Analisis Kinematik............................................................................ 65 
4.6 Analisis Kestabilan Lereng ............................................................... 67 
BAB V KESIMPULAN DAN SARAN .............................................................. 78 
6.1 Kesimpulan ....................................................................................... 78 
6.2 Saran ................................................................................................. 79 
DAFTAR PUSTAKA .......................................................................................... 80 
LAMPIRAN 
 
 
 
 
 
 
 
 
xiii 
 
 
DAFTAR GAMBAR 
 
Gambar 1.1 Peta Administrasi Lokasi Penelitian (Rencana Tata Ruang  
Wilayah Kabupaten Kutai Timur Tahun 2013-2032,  
tanahair.indonesia.go.id, dengan modifikasi) .......................................................... 4 
Gambar 2.1Fisiografi Regional Cekungan Kutai (Biantoro dkk, 1992) .................. 6 
Gambar 2.2 Peta Geologi lembar Sangatta (Sukardi dkk,1995) .............................. 8 
Gambar 2.3 Pola struktur berarah utara-selatan di cekungan Kutai 
(Biantoro dkk,1992) ............................................................................................... 10 
Gambar 2.4 Konsep dasar massa batuan (Wyllie dkk, 2004) ................................ 11 
Gambar 2.5 Rasio antara Kuat Geser Penggerak Batuan (s) dengan  
Kuat Geser Penahan (τ) yang tersedia dalam suatu  
bidang miring (Zakaria, 2011) ............................................................................... 19 
Gambar 2.6 Distribusi tegangan dalam bidang miring (Zakaria, 2011) ................ 21 
Gambar 2.7 Metode Limit Equilibrium Circular (Geoslope International, 2007) . 21 
Gambar 2.8 Metode Limit Equilibrium Non-Circular 
 (Geoslope International, 2007).............................................................................. 21 
Gambar 2.9 Gaya yang bekerja pada bidang irisan (Krahn, 2004) ........................ 22 
Gambar 2.10 Diagram GSI berdasarkan Marinos dkk (2000) ............................... 26 
Gambar 2.11 Perhitungan Rock Quality Designation (Deere, 1963)..................... 28 
Gambar 2.12 Representasi antara Undisturbed Rockmass dan Blasted Rock  
(Hoek dkk, 2000) .................................................................................................... 31 
Gambar 2.13 Jenis - jenis longsoran (Hoek dkk, 1981) ......................................... 32 
Gambar 2.14 Bentuk longsoran  busur (Hoek dkk, 1981) ..................................... 32 
Gambar 2.15 Bentuk  longsoran bidang (Hoek dkk, 1981) ................................... 33 
Gambar 2.16 Bentuk  longsoran baji (Hoek dkk, 1981) ........................................ 34 
Gambar 2.17 Bentuk  longsoran guling (Hoek dkk, 1981) .................................... 35 
Gambar 4.1 Area Pit South Pinang Panel 1 ........................................................... 43 
Gambar 4.2 Peta Lokasi Penelitian ........................................................................ 44 
Gambar 4.3 Penampang lereng Lowwall ............................................................... 46 
xiv 
 
Gambar 4.4 Penampang lereng Highwall(S3) ....................................................... 47 
Gambar 4.5 Penampang lereng Highwall(S4) ....................................................... 48 
Gambar 4.6Uji Kuat Tekan Batuan pada Mudstone dengan nilai 8,472 Mpa  
dan berupa brittle deformation. .............................................................................. 53 
Gambar 4.7 Grafik Tegangan Regangan Hasil Uji Kuat Tekan pada Mudstone ... 54 
Gambar 4.8 Lokasi Stasiun pengamatan Window Mapping .................................. 55 
Gambar 4.9 Kenampakan highwall Pit South Pinang Panel 1 ............................... 56 
Gambar 4.10 Kenampakan lowwall Pit South Pinang Panel 1 .............................. 57 
Gambar 4.11 Kolom litologi pada highwall Pit South Pinang Panel 1 .................. 58 
Gambar 4.12 Kenampakan lereng padastasiun pengamatan 2  
Pit South Pinang Panel 1 ........................................................................................ 58 
Gambar 4.13 Kenampakan massa batuan carbonaceous mudstone pada 
stasiun pengamatan 4 Pit South Pinang Panel 1..................................................... 59 
Gambar 4.14 Kenampakan lereng padastasiun pengamatan 5  
Pit South Pinang Panel 1 ........................................................................................ 60 
Gambar 4.15 Kenampakan pirit padastasiun pengamatan 6  
Pit South Pinang Panel 1 ........................................................................................ 60 
Gambar 4.16 Kenampakan joint padastasiun pengamatan 2  
Pit South Pinang Panel 1 ........................................................................................ 62 
Gambar 4.17 Kondisi kekasaran bidang diskontinuitas pada lereng highwall ...... 63 
Gambar 4.18 Kenampakan weak layer padastasiun pengamatan 6  
Pit South Pinang Panel 1 ........................................................................................ 64 
Gambar 4.19 Kondisi kekasaran bidang diskontinuitas pada lereng lowwall ........ 64 
Gambar 4.20 Histogram data dip direction diskontinuitas pada highwall 
Pit South Pinang panel 1. ....................................................................................... 65 
Gambar 4.21 Potensi Longsoran Komposit  padahighwall 
Pit South Pinang panel 1  ....................................................................................... 66 
Gambar 4.22 Potensi Longsoran Bidang pada lowwall  
Pit South Pinang panel 1 ........................................................................................ 67 
Gambar 4.23 Nilai GSI, UCS dan Unit weight berdasarkan kedalaman  
0-50 meter .............................................................................................................. 69 
xv 
 
Gambar 4.24 Nilai GSI, UCS dan Unit weight berdasarkan kedalaman  
dibawah 50 meter ................................................................................................... 69 
Gambar 4.25 Nilai GSI, UCS dan Unit weight berdasarkan semua kedalaman .... 69 
Gambar 4.26 Hasil perhitungan FoS lereng lowwallsingle slopedengan domain 
kedalaman .............................................................................................................. 72 
Gambar 4.27 Hasil perhitungan  FoS lereng lowwallsingle slopedengan domain  
semua kedalaman ................................................................................................... 72 
Gambar 4.28 Hasil perhitungan  FoS lereng lowwalloverall slopedengan domain  
kedalaman .............................................................................................................. 73 
Gambar 4.29 Hasil perhitungan  FoS lereng lowwalloverall slopedengan domain  
Semua kedalaman................................................................................................... 73 
Gambar 4.30 Hasil perhitungan FoS lereng highwall(penampang S3) 
dengan domain kedalaman. .................................................................................... 74 
Gambar 4.31 Hasil perhitungan FoS lereng highwall(penampang S3) 
dengan domain semua kedalaman. ......................................................................... 74 
Gambar 4.32 Hasil perhitungan FoS lereng highwall(Penampang S4) 
dengan domainkedalaman. ..................................................................................... 75 
Gambar 4.33 Hasil perhitungan FoS lereng highwall(penampang S4) 
dengan domain semua kedalaman. ......................................................................... 75 
Gambar 4.34 Hasil perhitungan FoS lereng lowwall dengan domain  
semua kedalaman setelah pelandaian sudut lereng tunggal ................................... 77 
 
 
 
 
 
 
 
 
 
xvi 
 
DAFTAR TABEL 
 
Tabel 1.1 Jadwal Kegiatan Penelitian.. .................................................................... 5 
Tabel 2.1 Nilai Faktor Keamanan menurut Bowles (1984).. ................................. 20 
Tabel 2.2Nilai Parameter mi (Hoek, 2001) ............................................................ 24 
Tabel 2.3 Kualitas Batuan berdasarkan nilai RQD (Deere, 1963) ......................... 27 
Tabel 2.4 Pedoman untuk memperkirakan faktor kerusakan D (Hoek, 2002)....... 29 
Tabel 3.1 Peralatan dan Bahan yang digunakan dalam Penelitian......................... 39 
Tabel 3.2 Sumber data yang digunakan dalam Penelitian ..................................... 40 
Tabel 4.1 Geometri lereng Pit South Pinang Panel 1 ............................................. 45 
Tabel 4.2 Nilai RQD pada kedalaman 0-50 meter ................................................. 49 
Tabel 4.3 Nilai RQD pada kedalaman dibawah 50 meter ...................................... 49 
Tabel 4.4 Nilai RQD pada semua kedalaman ........................................................ 50 
Tabel 4.5 Hasil pembobotan Joint condition pada kedalaman 0-50 meter ............ 50 
Tabel 4.6 Hasil pembobotan Joint condition pada kedalaman dibawah 50 meter . 51 
Tabel 4.7 Hasil pembobotan Joint condition pada semua kedalaman  .................. 51 
Tabel 4.8 Hasil perhitungan GSI pada kedalaman 0-50 meter .............................. 51 
Tabel 4.9 Hasil perhitungan GSI pada kedalaman dibawah 50 meter ................... 52 
Tabel 4.10 Hasil perhitungan GSI pada semua kedalaman.................................... 52 
Tabel 4.11Data Stasiun Pengamatan pada window mapping ................................. 56 
Tabel 4.12 Data parameter masukan tiap overburden berdasarkan kedalaman  .... 68 
Tabel 4.13 Data parameter masukan tiap overburden pada overall depth ............. 68 
Tabel 4.14 Nilai Factor of Safety tiap section pada highwall dan lowwall 
berdasarkan kedalaman (0-50&50 meter kebawah) dan semua kedalaman. ......... 76 
 
 
 
 
 
 
 
 
xvii 
 
DAFTAR LAMPIRAN 
 
Lampiran 1. Lembar Mapping Stasiun Pengamatan 
Lampiran 2. Data Hasil Pengujian 
Lampiran 3. Data Orientasi Diskontinuitas 
Lampiran 4. Contoh Perhitungan Metode Morgenstern-Price 
Lampiran 5. Data Monitoring Piezometrik (Ground Water Level) 
Lampiran 6. Lembar Konsultasi Tugas Akhir, Lembar Perbaikan 
 
